A B S T R AC T
Background. Resurgence of interest in home haemodialysis (HHD) is, in part, due to emerging evidence of the benefits of extended HD regimens, which are most feasibly provided in the home setting. Although specific HHD therapy established at home such as nocturnal HD (NHD) has been reported from individual programmes, little is known about overall HHD success. Methods. The study included 166 patients who were accepted in the Manchester (UK) HHD training programme through liberal selection criteria. All patients were followed up prospectively until a switch to alternative modality, to include 4528 patient-months of follow-up and about 81 508 HHD sessions during an 8-year period (January 2004-December 2011). Twenty-four patients switched to an alternative modality during the period. Combined technique survival (HHD c ) as a composite of training (HHD tr ) and at home (HHD home ) was analysed and clinical predictors of HHD modality failure since the commencement of the programme were calculated using Cox regression analysis. Technology-related interruptions to dialysis over a 12-month period and patient-reported reasons for quitting the programme were analysed. Results. Technique survival at 1, 2 and 5 years was 90.2, 87.4, 81.5% (HHD c ) and 98.4, 95.4 and 88.9% (HHD home ) when censored for training phase exits, death and transplantation. The combined HHD c modality switch rate is 1 in 192 patientmonths of dialysis follow-up. Age >60 years, diabetes, cardiac failure, unit decrease in Hb and increasing score of ageadjusted Charlson-comorbidity index were significantly associated with technique failure. Significant clinical predictors of HHD technique failure in a multivariate model were diabetes (P = 0.002) and cardiac failure (P = 0.05). The majority (61%) switched to an alternative modality for nonmedical reasons. The composite of operator error and mechanical breakdown resulting in temporary HHD technique failure was 0.7% per year. Conclusions. HHD training and technique failure rate are low. Technical errors are infrequent too. Diabetes and cardiac failure are associated with significant risk of technique failure.
Although absolute rates are low, training failure is proportionally quite significant, highlighting the importance of reporting the composite technique failure rate (to include early HHD training phase) in HHD programmes.
I N T RO D U C T I O N
Home haemodialysis (HHD) was at its peak of practice in the 1980s. It suffered high rates of attrition subsequently, in most countries, with the exception of Australia and New Zealand [1] . There is increasing body of evidence documenting the clinical and quality-of-life benefits of this modality compared with conventional thrice-weekly hospital HD [2] [3] [4] [5] . This, combined with many other factors, has led to a resurgence of interest in HHD modality in the last decade, among all stakeholders. The National Institute of Health and Clinical Excellence (UK) recommendation of increasing prevalent home HD population to 10-15% of the total dialysis cohort [6] has been achieved in only a minority of dialysis programmes. The provision of HHD, its uptake and prevalence depend on several clinical, organizational, cultural and patient factors. Understanding the patient characteristics that predict HHD success or failure is critical to developing selection criteria, protocols, pathways and support systems that will help recruit those who are appropriate for HHD and provide them with the support that may be necessary to sustain the chosen modality. Technique survival or success of a specific dialysis modality treatment is typically reported when the patient is established on that particular therapy, in case of HD when established at home (HHD home ). The training phase for the chosen modality, however, can form an important limiting step in the patient's pathway, and may be crucial to its success. Its study may provide valuable insights into the modality uptake, more so in HHD than PD, as the former training phase (HHD tr ) can be significantly more prolonged than in the latter. Limited data are available on the outcomes of home HD training or HHD modality technique survival/failure and its predisposing factors [7, 8] . Most reports in the literature on technique failure refer to a specific subset of HHD, e.g. nocturnal HD (NHD), and tend to exclude training failure. Reports on treatment success in studies where HD regimen at home is the intended therapy (extended either in frequency, duration or both) can be invaluable, when analysing factors that influence uptake and sustenance of HHD.
We therefore sought to (i) examine the technical success rate from acceptance to exit from the HHD programme, (HHD c ) that was not due to death or transplantation and then (ii) define the clinical and patient-reported risk factors of failure on the modality, in one of the largest HHD programme networks in the UK.
Understanding HHD composite technique failure (HHD c )
Technique failure is defined and understood in the context of peritoneal dialysis (PD), as the inability to continue the modality due to ultrafiltration failure or membrane incompatibility with good clearance, recurring or refractory peritonitis, necessitating a modality switch to HD [9] . No such consensus definition for technique failure exists in the HHD literature.
The HHD modality pathway would commence when the patient is accepted to be included in the home training programme through the successful practice of self-care at home. We believe that technique failure in HHD should encompass the failure of components of home HD procedure. This would consequently result in either temporary or permanent failure of the modality. The former includes instances such as vascular access problems, technological glitches or respite care. The latter is usually a consequence of the patient's inability to carry out the procedure due to medical comorbidities or due to psychosocial factors precluding continuation of training or the sustained practice of the modality. For the purposes of our study, the latter has been defined as permanent exit of patients from the training or the home programme due to physical or psychological incapacity, including displacement of modality from their own homes. Technique failure (HHD c ) is defined and understood in the context of HHD here, as the inability to continue the modality at any point from the commencement of training, necessitating a permanent modality switch. All patients are considered to be active on the HHD modality on commencement of training (HHD tr ) through to the period when the modality is undertaken at home (HHD home ). HHD c represents the treatment modality inclusive of both these phases.
S U B J E C T S A N D M E T H O D S
The study cohorts include all incident and prevalent patients on HHD from the Greater Manchester East Sector Renal Network over an 8-year period (January 2004 and December 2011 both inclusive).
Study cohort and data acquisition
During the analysis, two study cohorts were defined, i.e. those who continued HHD (CHHD group) and those who switched to an alternative modality (SWD group), with the data censored for death or transplantation. Demographic and clinical data were obtained from the institutional electronic records and a prospectively maintained database for all subjects. These data include gender, ethnicity, carer availability, primary renal disease, comorbidities, dialysis vintage before initiating HHD, programme entry and exit dates, vascular access at the start of training, reasons for switching modality and previous transplant history. Biochemical variables such as albumin, CRP and Hb were also recorded at the start of HHD tr . Information pertaining to technological failure was procured from the renal technical services' computerized log and examined for a 12-month period. All patients switching to an alternative modality and surviving at the end of the study period were approached to participate in a brief questionnaire which helped identify their perception of HHD and impact of information and education they received prior to acceptance of HHD. The reasons for modality switch were also ascertained.
O R I G I N A L A R T I C L E T e c h n i q u e s u r v i v a l i n h o m e H D

Statistical analyses
Patient demographic data for both the groups are tabulated and their characteristics are summarized using descriptive statistics. Kaplan-Meier survival estimates were used to assess the unadjusted technique success at 1, 2 and 5 years for HHD c and HHD home . A survival analysis was performed to estimate the technique survival (analysis censored for all programme exits due to death or transplants with and without training failure). Cox proportional hazards models were used to identify patient characteristics or comorbidities that potentially predicted technique failure. A priori, some variables were considered to be risk factors for technique failure. These include, age at HHD start, gender, diabetes status, cardiovascular co-morbidities, vascular access type [arteriovenous fistula or graft versus catheter (CVC) at start of HHD] and biomarkers-haemoglobin and albumin at the commencement of HHD. Statistical analyses were done using SPSS v 19 and Graphpad Prism v5.
Service design and patient pathway
During the study period, the reporting network (serving a catchment population of ∼1.6 million) saw a steady rise in home HD prevalence from 4 to 15% of all HD. In our programme, a recent estimate suggests that 25% of pre-dialysis patients choose PD and 15% of pre-dialysis patients choose HHD. All patients enter the programme through open selection criteria, principally led by patient choice and supported by a structured pre-dialysis and in-centre education programme and home dialysis assessment phase. Seventy-three percent of patients needing dialysis have been through the predialysis education and preparation phase. Carer-facilitated and solo dialysis (10%) is offered, if appropriate. There are no rigid exclusion criteria, but frail patients and those with unstable mental illness would not be offered the choice of HHD. Currently, the programme does not offer HHD to those unable/ unwilling to self-cannulate or require full assistance on HD.
The assessment is performed by a team of pre-dialysis care nurses who utilize the Roper-Logan-Tierney model of nursing and the individual's relative and potential for independence in activities of living. The decision is ratified by a multidisciplinary team.
Patients undertake HHD training at a dedicated centre, removed from the main tertiary renal centre, with an average training time of 10 weeks. Most patients undertake extended high-flux dialysis using F4008 machines beyond 4 h three times a week. The prevalent HHD types include 15% short daily HD, 30% NHD (Nocturnal HD), 30% on alternate day schedules and 25% on conventional dialysis schedules.
R E S U LT S
Demographics
The study cohort consists of a total of 166 patients, from a single tertiary centre, Manchester Royal Infirmary, including the Greater Manchester East Sector Renal Network. Twentyfour of the 166 patients exited the programme while training or from home (SWD cohort), during the study period. The study demonstrates exit from the programme due to transplantation in 33% of patients, from the CHHD group. Thirty-three patients (CHHD) also had a previous history of transplantation. The baseline demographics of these patients are tabulated below ( Table 1) .
The mean age of CHHD and SWD cohorts is 48.3 and 51.6 years, respectively. The proportion of males in the former group are 65.5 and 62.5% in the latter. The distribution of ethnic minority patients between the groups shows 14% nonCaucasian patients in the CHHD cohort and 17% of patients in the SWD cohort. The availability of an informal care provider (defined as an individual who needs to provide physical help for the patient with the procedure) seems proportionally higher in the CHHD cohort at 48.6 versus 33% in the SWD cohort, but the difference was not statistically significant between the two groups. A review of the cause for end-stage renal disease in the two groups identified the presence of diabetes as significantly higher in the SWD cohort (P = 0.012), but no differences with respect to other aetiology or the type of vascular access used at commencement of training (tunnelled catheter versus arteriovenous fistulae, P = 0.17).
Charlson-comorbidity index
We employed age-adjusted Charlson-comorbidity Index [10] as a comorbidity instrument, a risk score calculated based on different weights for separate age classes and comorbid conditions. The median scores in the CHHD cohort and SWD cohort were 3 and 4, respectively (significantly higher in SWD, Figure 2 ). The 25th and 75th centiles for the scores were 2 and 4 for the CHHD group and 3 and 5.75 for the SWD group. Figure 3 demonstrates the low incidence of annual technique failure rate despite a high HHD incident rate, year on year. Figure 4 depicts the time to exit from the programme during 4528 patient-months of follow-up for both SWD and CHHD cohorts. It is important to note that the exit from the programme appears to be the highest in the initial training period (54%). The composite training and home exit rate is 1 in 192 patient-months. The home exit rate censored for training exits (TEs) is 1 in 416 patient-months and TEs censored for home exits is 1 in 357 patient-months.
Patient exit from the programme
Biomarkers
The biomarkers analysed were Hb, albumin and CRP at the start of dialysis. There were no significant differences in the median haemoglobin and albumin levels between the two cohorts.
F I G U R E 1 : Patient disposition during the study period.
F I G U R E 4 :
The graph demonstrates the time taken for modality switch. There are distinct points on the graph for time (months) taken to exit training (Quit Training-square points) and those who exited home HD (Quit home HD-triangle points). It may be noted that the majority of modality switches occur in the initial training phase.
F I G U R E 2 :
Interquartile ranges of age-adjusted CCI scores for the groups show a significantly higher CCI score in the SWD cohort.
F I G U R E 3 :
The graph demonstrates modality exit rates on a yearly basis. TE in a square plot represents the TEs and established home therapy exits are shown in the triangle plots (HE). The true incident numbers for home therapy on a year-by-year basis is shown in the diamond plot (TI).
Vascular access
There was no significant difference between the SWD and CHHD cohorts ( Figure 5 ) as regards the type of vascular access at the start of HD (P = 0.17). In the reasons cited for exiting the training or home programme, vascular access complications did not figure significantly in the SWD cohort.
Technique survival estimates
Unadjusted Kaplan-Meier survival estimates in (Figure 6 ) show the overall HHD home programme retention over time censored for programme exits due to death, transplantation and technique failure due to TEs. 98.4, 95.4 and 88.9% patients were retained in the HHD home cohort at 1, 2 and 5 years. For HHD c (TE included in the analysis), the 1-, 2-and 5-year technique survival rates were 90.2, 87.4 and 81.5%, respectively ( Figure 7) .
Univariate analysis of predictors of technique failure (HHD c ), using Cox's proportional hazards regression, identified age >60 years (HR 2.07, CI 0.67-6.37), diabetes (HR 4.08, CI 1.71-9.74), cardiac failure (HR3.67, CI 1.07-12.6), per unit increase in the age-adjusted Charlson-comorbidity index score (HR1.32, CI 1.07-1.63), as significant predictors of a negative outcome and per unit increase in haemoglobin (HR 0.83, CI 0.65-1.06) as a significant predictor of positive outcome ( Table 2 ). In the multivariate model, diabetes and cardiac failure predominate (Table 3) .
T E C H N O LO GY FA I L U R E
We investigated temporary technique interruption, consequent to technological issues that may have arisen. For a single calendar year, 11 500 recorded HHD sessions resulted in 49 (0.4%) operator errors and 39 (0.3%) instances of mechanical breakdown leading to interruption of at least one dialysis session.
R E A S O N S FO R M O D A L I T Y S W I TC H
Eighteen patients in the SWD cohort who were alive at the end of the study period were asked to fill in a brief questionnaire seeking reasons for modality switch. Eleven of the 18 patients had responded (61% response rate), 1 had received a transplant, 1 dialysed at facility and 9 patients were receiving hospital HD. Several factors, often multiple and of non-medical nature, were identified for modality switch. Figure 8 shows a doughnut diagram depicting the reasons for modality switch for all-cause exits (HHD c ). The factors which determined technique failure due to home exit were of a medical nature in the majority of cases and this is elucidated in the tabulation below (Tables 4 and 5) .
Counselling, more intensive pre-dialysis education and preparation, and early engagement of carers and members of family in understanding what benefits there may be for the patients are believed to be possible influential factors on the modifiable reasons. 
D I S C U S S I O N
The study demonstrates high HHD composite technique survival rates of 90.2% at 1 year and 81.5% at 5 years (HHD c ), and further improvement to 98.4 and 88.9%, respectively, when patients are established at home following completion of training (HHD home ). The high eligibility for transplantation in the cohort highlights the general well-being of the CHHD cohort, which is also exemplified by the median age-matched Charlson-comorbidity index scores of 3 (IQR 2-4). The low technique failure rate is comparable with historical reports on the outcomes from early days. The selection criteria for patients undergoing HD in the early years have been strict. The very early reports in 1966 showed the cumulative experience derived from 9 patient-years and 1000 overnight HD sessions [11] . Our programme differs from historical HHD cohorts in many ways, including a greater emphasis on patient choice and education with liberal acceptance criteria. We believe that this enhances the validity of the reported findings.
More contemporary reports on HHD modality failure suggest unadjusted 1-and 5-year technique survival at 97.9 and 95.2%, respectively, for nocturnal HD (NHD). Technique failure, as defined by a physical or cognitive inability to perform NHD at home either alone or with assistance, was uncommon in this study (3% at 1 year and 5% at 5 years). In this study, age and diabetes remained significant with multivariate analysis (hazard ratios 1.07 and 2.64, respectively) for the composite of death and technique failure [12] . These studies remain limited to a specific type of home-based HD therapy and exclude training success or failure rates.
Technique failure is defined in our study as programme attrition consequent upon inability, physical or psychosocial, to continue HHD training or treatment at home. The study suggests that HHD composite technique success (HHD c ) is an improved measure of technique success and a crucial index for evaluating the HHD programme, offering more insight into the practice of the modality through the entire patient pathway. This minimizes selection bias for a specific modality and its success, allows an assessment of HHD in a more generic context. HHD technique assessment as an enabler for extended dialysis irrespective of the regimen, and less influenced by alterations of regimens interchangeably at home, often practiced by some patients, could offer more insight into the technology, practice and service delivery. Technique success at home alone (HHD home ) may increase bias by masking poor selection or training pathway. Training may take place in different locations and sometimes at home; however, poor training outcomes can significantly affect technique survival. Training success we believe is therefore integral to the sustenance of the HHD therapy. It is justifiable to seek a consensus definition for technique failure in HHD, alongside publications on the technique's utility. This will ensure uniformity in reported outcomes from several different sources, thereby rendering this information transferable. It is useful to note that the high rates of technique success in this study may be compared with those noted in transplant recipients who show graft survival of 92 and 94% at 1 year in donation after cardiac death and donation after brain death, respectively [13] . PD literature shows 1-, 2-and 3-year PD technique survival to be 87, 76, and 66%, respectively, in one study [14] . The study population in each one of these groups is not, however, directly comparable, due to differences in baseline characteristics. Although HHD demands complex technological set up, the extremely low technological failure rate is impressive and bodes well for the therapy itself.
There are some limitations to this study. The offer of HHD to diabetics deserves further investigation with an in-depth understanding of the barriers. Diabetes and cardiac failure were found to have significant associations with the risk of technique failure on multivariate analysis. Systematic evaluation of the reasons for why diabetics have a high risk of technique failure in a retrospective analysis may be difficult. Perhaps, the psychological burden of multiple chronic Lack of space at home 1 7.6
Medical issues 1 7.6 ailments needs to be explored further. Medical interventions and vascular access issues are likely to be more common in diabetics. Additional strategies in preparation of patients for this therapy prior to commencement of training may therefore be quite important with due consideration to psychological counselling early in the training process. However, it is useful to note that despite higher prevalence of diabetics in those who chose to quit home therapies, the overall proportion of patients with medical reasons and vascular access problems were extremely small. Further analysis of our data based on the frequency or duration of dialysis is difficult to interpret in this study, where the modality switch rate is extremely low. A majority of the exits occurred in the training phase, when patients are still not well established on extended hours regimen. At home, patients adopt the more intensive regimen, variably and sometimes interchangeably over the whole duration of the modality experience. Therefore, the association of different prescriptions with technique failure over a period of time is difficult to ascertain, unless this is being studied in a population receiving a homogenous dialysis prescription.
Study of the role of informal care-givers needs a more thorough evaluation. One of the key factors to be evaluated is 'carer burden'. The data on early exits from the programme mainly in the training phase may be more related to carer issues than patient burn-out. Qualitative studies involving carers, while addressing the socio-cultural, family and material context in which the HHD technology is introduced, should focus on identifying issues to inform improvements or adaptations in the systems, organizational routines, training materials and programmes, and support provision. Patient recall bias may impact the outcome of questionnaires as some patients have had to retrospectively recall their experience. Analysis of patient hospitalizations and in-centre runs has not been undertaken and may add valuable insights.
It is important to note that we are reporting a single network experience. Larger studies are best conducted, once these definitions are clarified, to produce some uniformity of reports in the literature. International Quotidian Dialysis Registry and even national registries could address some of the limitations that have been highlighted above.
Combined research methods need to be employed to explore the drivers and barriers to HHD adoption and better define the 'at-risk' population. Prospective multicentre study combining quantitative and qualitative methods with control cohorts suitably matched in the predialysis and in-centre dialysis subjects may provide more insights into mechanisms limiting the therapy.
CO N C L U S I O N S
This study is the first report of a composite rate of technique and training success on HHD therapy. This new index, we believe is a better quality indicator of HHD programme and its evaluation. Over four decades, technology, safeguards and our knowledge in the area have advanced significantly, but clinical practice needs to respond to these factors. Revisiting the issue of good technique success rates should provide us with the knowledge and confidence to redesign our practice in the future. The high retention rate in a large and diverse HHD programme provides optimism with regard to future growth of this modality and the benefit offered to the health of patients' lives on RRT.
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